Functional analysis of Polycomb group gene Ezh1 in left-right patterning by 新井 大祐
 !"#$%$%& '()*%+,- 
 
 
 
 
!" #" $" %" &" '  
 
 
 
 
 
 
 
 
. / 0 / 1 / 2  
 
3456789:;<=>?@ABC 
DEFG HIJKL/
/
MNOPQRSOTU/TOTUVWRW/SX/YSUVPSZ[/\]SN^/\_O_/DEFG/
RO/U_XQ`]R\FQ/^TQQ_]ORO\/
 
 
 
 
 
 
a/ / b/ / c 
de $f 
/
gTRWNh_ 
/
i]TR 
 
jk)*%lm/ nCjo%+, 
 
 
 
 
 
 
2009 p/ 12 q  
rs.t 
 
/ uvwjoxyz;{|Hvw}~H88;vw
jo8z}vwH{|x;A
BCH ¡¢£8¤¥¦§¨©;ª«¬­Hvwx®¯°±@}²³
´µ8¶¯ABC}·¸¹ºn:;»¼ª½;¾H¿ Àp
$ÁzÂ2}Ã³º;HªÄÅÆÇÈÉÊËÌzABCÍ½;ÎÏÐÑ
HÒ%ÓÔ}x¯³;ÄÅÆÇÈÉÊËÌzÕÖªÌ×ØÙÑ8ÚÁÛÜ©
vwnÝ}Þßà:áª©º¸vwx¾©â©yz;{|}ãä8
å²;ªÁ;zªæuç8¢;ÄÅÆÇÈÉÊËÌzAB
CÍHèéKê¨©º;HxëìíîHïð8ñòzºó¢©;ô+
,89ºxÄÅÆÇÈÉÊËÌÍHõö2¨©;<=>?@ABC÷
ø PcGùHzúIJëûABC½; Ezh1 8ºuüýæKL}þ
ÿ¾H!"ôABCª6#67H¼z;345H¦§8$%;}
&ô.0x¾HI'}()úH½;  
/ *t+xÄÅÆÇÈÉÊÌÏ P cGzæ,8 Ezh1 ABC8º-.
º;PcG x/01Æ012ÄHAB%8¤¥345ÉÊËÌABCH6
7588ÿ9:?Ñ};<8å²;ABC÷®§¨©2002
p8Ö=¨©<=>?@:Ñ9Ì|>$¡H?@8¤¥PcG ¡ªÎ
ÏÐÑHAy<4ÙBÒ}CD<ABC};;ºènCI'ªKê¨
©¾H7Hu¸H+,8¤¥PcG ªEFzjkG8H¼zöI}Jè
ªK¨©/01Æ012Ä89º4ÙBÒHL{MN}Jÿº;Hx
SET O4PÑ}² E(z )½;ªQRS8x E(z )8T;UHV®ABC
Ezh1  Ezh2 ªWX;E(z )HIJx Ez h2 ªJÿº;ª!F8K¨©
ª Ez h1 HIJ8ºx 2008 p8¤èY¸UÖªZ¨©H ½;
[\]ºHx^éæHÖ=ú Ez h1 ª Ez h2 xyz;nCIJöI}²
}K_º;`½;z¢é Ez h1 }MNëûHÄÅÆÇÈ
ÉÊËÌÍIaHWXªb¢©;  
/ *c+xdoA8efdoH3458º©ÜHû&}Ü³
úH½;u¸Hjo89ºghx34iTjzak}ÿ9¥
IJHÒ8l%º;hmH34iTjz67x­jno8¦§¨
©;3458pWº;345xq67HH¼zrs½¥¾Hyt
xhmA8NhHHuz'v{wx8y!;³345H¦§Iaxjo
%z%H{ýæ­|Kêª}©º;HIax~æ¸êìÿª
1998 pH#,æHÖ=}8H 10 p$ªêæ8¨©Q
RS89º34HTj{};Hxï§ü8;ªZý8
j¯;3ÁH½;Hª345HØÏ:?ABC½; Nodal H
}3HMø LPMùì:H34iTjzABCÏ
?O}C34iTjzhm67}7¨£º;IaHvA8 Nodal
rs.c  
 
H9:?ÑHå²8ºxz9M+,ª(³æ©º; 
/ *+xEzh1 H }Þß¡W{8º¢)º;Ezh1 xQRS
®§¨©ª¾©£¤H 89ºxWXH¥¦ú§xzÿ cDN A
ÏÌ=?§Ñ¨,°±@ EST HÕÖ}©º in s i l ico H(ª8¤¥«S
{jS¬­S89º Ezh1 V®ABCH®¯ª®§¨©ô+,89º
°±±²³zæ,8/ÑÉ§?H¤¥¾©æªQRS Ezh1 H5B´×
¨½;}³Ü¥ Ezh1 xefdo}µ¡W¨©º
Ü¶4ÌÆ15H°±@ÕÖH·¸æe¸doæefdo¹H(ÒHñ
º E(z)ªH Ezh1  Ezh2 ªj¯ª»¼¨©Ezh1 Hz¡
W{xHABCª Ezh2 8xzº½¾HH¼zöI}²}K_;
©æHû&¿¶SET O4PÑÀÁHïÂakHvzæEz h1
 Ez h2 ¾©â©8yzÿAÃ<akª¡W¨©º;ª&Ä¨©£
ÅHû&xefdo89:; Ezh1 HIJ<H¼{}).<8õÆ;úH
½;  
/ *Ç+x Ezh1 HIJÈÉ8¤¥ÊÁË¨©34ÌÍHZÎ8º
¢)º; Ezh1 HöI}qÏÐBêæ8;³84ÑHno
}ÒÓBÒBÔÕ=±°ÑÙÖÑÏ5=×øMOù}©ºABC±Ë
ÌÑ1ÑØÙ}þÿ4Ñ Ezh1 HV®ABC½; olezh1 }±ËÌÑ1Ñ
;NhHakzæ,8ÚhYÛhºÿghHª348Ü
©xÎÐ89:;ghÌÍHÝÞ8ßà;±ËÌÑ1ÑØÙHAy{xá
â,ÏãäP/Ñ¨Hñº}ÈÉ; MO }åæ S©º;ç¨©
©æH!"æ olezh1 x4ÑH345H¦§8$%;ªK¨©«
SQRS89º34567Iaªu¸H`¡W¨©º;æô+
,x34567Hèé<zIa Ezh1 H$¢¥}Kê;H8êHë
z;ªo}¨©  
/ *ì+x Ezh1 HIJÈÉª Nodal HÍ8%ß;íî8º¢)
º;«SH Nodal V®ABC½; Spaw H9:?Ñ} olezh1 ±ËÌ
Ñ1Ñ89º()ïôð3H LPM H )Á Spaw ª{
º;ªK¨©ñÿ OLEZH1 x345¦§Hnoò8$
%º;¾¾HóÁx Spaw H4H LPM H;½;
ª»¼¨©¾ñôu¸Hõ89º SpawøNodalùH{HH
ö÷zÿºNodal /¨¶=Ñ¨H°Ñ:×§ÏÐHyt8ºøù
 olezh1 H±ËÌÑ1Ñ89ºM5ak89ºIJ; l e ft y
,¾H$úABCÌË9?wûÀIJ; charon H8ytxç³
æ©zÿñÿ OLEZH1 x©æüûHýþx½8 Spaw H;}
þÿº;ÿ!¨©  
/ *"+x¤-<#$8¤; OLEZH1 H%©I'Høù8º¢)º;
rs. 
 
2007 pH&'æHÖ=8¤¥4ÑHÌË9?w}o)<8;
ªj¯;ª() Spaw Hª;¨©;ª¢ÿº;©
xæ Spaw ÜHÏ?Oª*M+,¨©8¤;H
#$ olezh1 H±ËÌÑ1Ñ} ¡¢£;OLEZH1 ª Spaw 8T
ªj¯;H67^éæH:P±Ñ¨IJº;}ø-Á;
.ßÜ/}j¯;ÌË9?wÅ0H8ºakn1ª·
t½;}ç¤ÿ olezh1 ±ËÌÑ1Ñ89ºx8j
¯º;ÿ!¨©;ÂºØÙ}þÿï2jÎxÌË9?w
H8¤¥;ßæ© Spaw HªOLEZH1 H±ËÌÑ1Ñ8¤¥{H
LPM 3L{Ò¨©©x8¤¥ï4 Spaw H9:?Ñª¦§¨
©7¨©zÿ LPM 89:; Spaw H;Þ#} OLEZH1 ªå²
º;ºè}K_º;Ü olezh1 H56<9:?Ñ}ç
H7.889zº}K  
/ *:+x Ez h1 8¤; Nodal ÍHnCIa8º¢)º;4Ñ
}©ºj%<ØÙH!"æOLEZH1 ª Spaw H;}y<;;º
è7.}©} in vitro HØÙëø-N IH3T3 vw89ºNodal
H Ä Ñ = Ñ > ? 8 y < ! ¡   ¾ H   } 3 4 i T j 8  Í  ;  ; ÷ C
FoxH1 }Ez h1 ?8ñ@¨£AB?C$}þÿ¾H!"Ez h1 
FoxH1 ª!¡;ªK¨©Nodal ª Ez h1 Hy<HD<ABC½;
}K_Ü©8¤¥ Ez h1 8¤; Nodal HÍªQRS89ºú¡
W¨©º;DJ{ªK_¨©  
/ *E+xô+,}FG!.HI8º¢)º;Ü/(Ò<J
`æ Ezh1 Hèé{H¼{nCIJ8º).<8.¼Âº
qÏÐBHKLæ34567ºè%©`}&ÄÍIa}S»¾
H7.}K²;nCÏÐBHØÙ<-L};8Mÿô+,ªNK
Ez h1 ª345HØÏ:?ABC½; Nodal }y<8;;ºèÒÓBx
34567HMO8$¢;dPzúH½;HÍ8QH PcG 4Ñ2?ª$
¢ÿº;^èx7H+,HHR}34;H¼z<PÑÐ½¥¨
æz;KLª»¼½;Üô+,x Ez h1 ºèIJëûH PcG :Ñ9Ì
|8¤;dPÄÅÆÇÈÉÊËÌÍ}nCvwqÏÐBSG<8)K
;³H+,ÒÓB}n³NTúHú½;7xA8Ì×ØÙÑ8
U2 Nodal HnCÍIa}øù¾Hû&}qÏÐBHIJK
L8¶©¨æ8(Ò<A{8rVºjo W,<z+,HHR}åX
º;
  
 
rsYG/
!"#$%/ Z[ø)%ù/ %Íab/ +,\]Ú/
/
^/_/ / /de/$f// / `/
øcaabptcq/ Xù/
 /S/c/ / / 1_/ / Zdþefg_/ / Zdþpq/ / ú_cøabchiù/
.0/
/
/
/
/
/
/
/
/
/
/
/
/
/
jk/
/
/
/
/
/
/
/
/
/
/
/
/
/
GY!"##$l/T/Z_mThT/YSUVPSZ[/\]SN^/\_O_l/]_\NUTQ_W/PRURS\_O_WRW/TOm/U_XQ`]R\FQ/
^TQQ_]ORO\Y/
%#&#'()!(*#""'n/RO/^]_WWY/
gTRWNh_/i]TRl/iQWNWFR/oTQTOSl/pS]N/oR\TWFROThT\TqTY(
/
rYi/FRWQSO_/oG/sT]RTOQ/RW/]_tNR]_m/XS]/_]VQF]SPVQ_/ZTQN]TQRSO/RO/Z_mThTY/
+,#(-&)#.&/)0!&/"(1!2.&/"(!3(4#5#"!67#&)/"(80!"!9:/ruuvn/wrxyz{vvy`v|r/
}WTZN/~TQWNShTl/S]RFRWT/FROmSl/gTRWNh_/i]TRl/pS]N/oR\TWFROThT\TqTY/
/
YpF_/D Dxz/PSZ^U_/^T]QRPR^TQ_W/RO/QF_/,#$9#,!9/WR\OTURO\/^TQFqTVY/
80!;,#70;/"(/&$(80!6,:'0;/"(<#'#/.;,(*!772&0;/)0!&'/ruuwn/ry{GGy|`GGvy//
S]RFRWT/FROmSl/iQWNWFR/ThTRl/gTRWNh_/i]TRl/}WTZN/~TQWNShTl/NhRFRhS/
TZTWThRl/pS]N/oR\TWFROThT\TqT/
/
GY<=>?@ABC÷8¤;345¦§HÍIa/
*vrôjÒ%$ruu|pGuq/
de/$fM//
/
rY=!":;!7>/\]SN^/\_O_/!"##$/^T]QRPR^TQ_W/RO/U_XQ`]R\FQ/^TQQ_]ORO\/QF]SN\F/
]_\NUTQRSO/SX/PRURS\_O_WRW/RO/Z_mThTY/
rGWQ/RUF_UZ/_]OFT]m/NPU_T]/S]hWFS^l/WQ]SOl/YSUTOml/_^Yl/ruu|/
gTRWNh_/i]TRl/iQWNWFR/oTQTOSl/pS]N/oR\TWFROThT\TqT/
/
Y<=>?@ABC?@,A8¤;345¦§HÍIa/
*ôÄÅÆÇÈÉÊÌÏ+,pruu|pìq/
de/$f/M//
/
YSU_/SX/YSUVPSZ[/\]SN^/\_O_/!"##$/RO/U_XQ`]R\FQ/^TQQ_]ORO\/RO/Z_mThTY/
~ruuvø*GônCjo%pd*vGôjÒ%$/¡®$ù
ruuvpGrq/
de $f2 ö M  
 
wY345¦§89:;<=>?@ABC÷HöI/
Ì×ØÙÑ+,/ vwOddÌ×ØÙÑHIJakad#`/
dAB%+,/ ruuvpGuq/
de/$f/
 
  
 
rsYr/
!"#$%/ Z[ø)%ù/ %Íab/ +,\]Ú/
/
 /S/c/ / / 1_/ / Zdþefg_/ / Zdþpq/ / ú_cøabchiù/
/ /
 Y<=>?@ABC÷H3456789:;öI/
*G¡Î«S+,/¢£d¾¤-%+,Ia/ ruuvp|q/
de/$fM//
/
yYSU_/SX/YSUVPSZ[/\]SN^/\_O_/!"##$/RO/U_XQ`]R\FQ/^TQQ_]ORO\/RO/Z_mThTY/
~ruuyø*uônCjo%pd*vuôjÒ%$/¡®$ù/
W¥ruuypGrq/
de/$f2/ö/M//
/
vY345¦§89:;<=>?@ABC__mHIJKL/
Ì×ØÙÑ+,/`°±@dvwOæqjÜ`dAB%+,
ruuypGuq/
de/$f/
/
|YiOTUVWRW/SX/!"::AB/TOm/Cl/Z_mThT/FSZSUS\N_W/SX/DDA/
ruQF/¦~/¦OQ_]OTQRSOTU/SO\]_WW/SX/RSPF_ZRWQ]V/TOm/~SU_PNUT]/RSUS\V/
TOm/GGQF/Mi}~/SO\]_WWl/§VSQSl/¨T^TOl/¨NO_l/ruu /
gTRWNh_/ i]TRl/ S]RFRWT/ FROmSl/ }WTZN/ ~TQWNShTl/ VS/ T]RQTl/ NhRFRhS/
TZTWThRl/NQT/§SZSRh_l/pS]N/oR\TWFROThT\TqT/
/
  
